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RSHUDWLRQFRVWKHQFHUHVXOWLQJWRDORZHUSURILWDELOLW\
,QRUGHUWRUHGXFHWKHPDQXIDFWXULQJFRVWFRPSDQ\FDQWU\WRUHGXFHRSHUDWLRQDVVHPEO\WLPHE\HOLPLQDWLQJVRPH
QRQYDOXHDGGHGSURFHVVHVZKLFKLQFXUDGGLWLRQDOFRVWWRRSHUDWLRQVXFKDVWRROIL[LQJVKRUWDJHRISDUWVDQGRWKHUV
+LJKVHWXSWLPHFDQEHFODVVLILHGDVDZDVWHIRUWKHFRPSDQ\,WLVLPSRUWDQWIRUDFRPSDQ\WRWDNHDFWLRQWRUHGXFH
VHWXSWLPHLQRUGHUWRLQFUHDVHSURGXFWLYLW\6HWXSUHGXFWLRQLVDQLPSRUWDQWWRROLQOHDQPDQXIDFWXULQJWRPHHWWKH
GHPDQGVRIFXVWRPHUV4XLFNFKDQJHRYHULVRQHLQ/HDQ0DQXIDFWXULQJWHFKQLTXHVWKDWWU\WRUHGXFHRUHYHQHOLPLQDWH
VHWXS WLPH %\ UHGXFLQJ VHWXS WLPH WKH SURSRUWLRQ RI SURGXFWLYH WLPHZLOO LQFUHDVH 7KLV VWXG\ IRFXVHV RQ KRZ
DVVHPEO\WLPHIRURQHDFWLYLW\LQRSHUDWLRQDIIHFWVWKHZKROHSURGXFWLRQSURFHVV
6HWXSWLPHUHGXFWLRQLVRQHRIWKHOHDQPDQXIDFWXULQJDFWLYLWLHVZLWKRQHPDLQREMHFWLYHWKDWLVWRHOLPLQDWHZDVWH
6HWXSWLPHUHGXFWLRQLVDOVRNQRZQDVVLQJOHPLQXWHH[FKDQJHRIGLHV60('DQGDOVRNQRZQDVTXLFNFKDQJHRYHU
60('ZDV RULJLQDOO\ GHYHORSHG WR LPSURYHPDFKLQH WRRO VHWXSV EXW WKH SULQFLSOHVZHUH DSSOLHG WR DOO W\SHV RI
SURFHVVHV0F,QWRVK5,&XOOH\6-0LOHKDP$5DQG2ZHQ*:%\LGHQWLI\LQJIDFWRUVLQIOXHQFLQJ
KLJKVHWXSWLPHDQGWKHDFWLRQWKDWFDQEHWDNHQWRPLQLPL]HVHWXSWLPHRUJDQL]DWLRQFDQUHGXFHWKHPDQXIDFWXULQJ
FRVWDQGDWWKHVDPHWLPHLQFUHDVHWKHSURGXFWLYLW\OHYHO
7KHDELOLW\RIFRPSDQ\WRDSSO\OHDQFRQFHSWE\UHGXFLQJZDVWHPLQLPL]LQJFRVWDQGLQFUHDVLQJSURGXFWLYLW\DOORZ
DFRPSDQ\WRPDLQWDLQFRPSHWLWLYHQHVVLQWKHLQGXVWU\2QFHDFRPSDQ\LVDEOHWRLGHQWLI\ZKLFKSDUWLFXODUDFWLYLWLHV
WKDWLQFXUORQJHUWLPHDQGQRQYDOXHDGGHGDFWLYLWLHVFRPSOHWLRQWLPHLVUHGXFHGWKXVPLOOLRQVDUHVDYHG
7KHREMHFWLYHVRIWKLVVWXG\DUHWRLGHQWLI\WKHIDFWRUVLQIOXHQFHKLJKVHWXSWLPHDQGWRKLJKOLJKWWKHDFWLRQWKDWFDQ
EHPLQLPL]HG WR UHGXFH WKH VHWXS WLPH%\DFKLHYLQJDOO WKHREMHFWLYHVDERYH WKH UHVXOWV FDQKHOSD FRPSDQ\ WR
XQGHUVWDQGWKHLPSRUWDQFHRIUHGXFLQJVHWXSWLPH7KLVFDQEHQHILWDFRPSDQ\LQWHUPVRIFRVWDQGWLPHFRQVXPLQJ
LQSURGXFWLRQDFWLYLW\
/LWHUDWXUHUHYLHZ
2.1 Lean manufacturing  
/HDQLQPDQXIDFWXULQJIRFXVHVRQLPSURYLQJWKHWKURXJKSXWRIDIDFLOLW\UHGXFLQJWKHOHDGWLPHLQYHQWRU\GHIHFWV
UHZRUNDQGSURFHVVZDVWHVDQGXOWLPDWHO\LPSURYLQJILQDQFLDOVDYLQJVDQGFXVWRPHUVDWLVIDFWLRQ0HOWRQ7
$SSOLFDWLRQRIOHDQLVQRWOLPLWHGWRWKHDXWRPRWLYHVHFWRURQO\EXWLWKDVDOVRIRXQGDFFHSWDQFHLQDZLGHUDQJHRI
PDQXIDFWXULQJLQGXVWULHVRSHUDWLQJXQGHUDXQLRQL]HGRUDQRQXQLRQL]HGHQYLURQPHQWLQWKH866KDKDQG:DUG
0DQ\RUJDQL]DWLRQVDUHHQWKXVLDVWLFWRDGRSWOHDQPDQXIDFWXULQJLQRUGHUWRLPSURYHWKHLUSHUIRUPDQFHLQWKLV
FRPSHWLWLYHJOREDOL]HGPDUNHWZKHUHXQFHUWDLQW\LVSUHYDOHQW:RQJ:RQJ	$OL7KHDGRSWLRQRIOHDQKDV
HQDEOHGFRPSDQLHVWRIRFXVRQWLPHO\GHOLYHU\RITXDOLW\SURGXFWWRWKHFXVWRPHUZLWKORZZDVWH3HWHU%DOO
$QQDFODLPHGWKHLGHDRIOHDQFDQEHVXPPDUL]HGLQDVLPSOHDQGVKRUWGHILQLWLRQ±³GRLQJPRUHZLWKOHVV´
(YHQWKRXJKWKHGHILQLWLRQLVDQREYLRXVRYHUVLPSOLILFDWLRQLWFRQYH\VWKHFUXFLDODLPRIWKHRYHUDOOLGHDRIOHDQ±
PRUHHIIHFWLYHXWLOL]DWLRQRIDYDLODEOHUHVRXUFHV
2.2 Waste 
:DVWHLVDQ\WKLQJWKDWGRHVQRWFRQWULEXWHWRWUDQVIRUPLQJDSDUWWRWKHFXVWRPHUQHHGV:DVWHRIWHQFDOOHGPXGD
LQ-DSDQHVHFRPSULVHVVHYHQW\SHVRIFRPPRQZDVWHRYHUSURGXFWLRQXQQHFHVVDU\PRWLRQH[FHVVLQYHQWRU\H[FHVV
WUDQVSRUWDWLRQ UHMHFWLRQVUHZRUNZDLWLQJ DQGRYHU SURFHVVLQJ &DFKRQDQG7HUZLHVFK $FFRUGLQJ WR5RQ
3HUHLUDZDVWHRUPXGDLQ-DSDQHVH LVDQ\DFWLYLW\ WKDWDGGVQRUHDOYDOXHWR WKHSURGXFWRUVHUYLFHEHLQJ
FUHDWHGRUGHOLYHUHG$FFRUGLQJWR<DPDJDU$&	5DYDQDQFRVWUHGXFWLRQLVDEHWWHURSWLRQWKDQLQFUHDVLQJ
UHYHQXHEHFDXVHFDSDFLW\RISODQWLVIL[HGDQGKDVWRLQFUHDVHSULFHEXWGXHWRWKHSUHVHQFHRIFRPSHWLWRUVLQWKH
PDUNHWLWPD\QRWEHSRVVLEOH7KHGHFLVLRQPDNLQJWRHOLPLQDWHVRPHSURFHVVRUVWDJHVLVQRWDQHDV\GHFLVLRQDV
PHQWLRQHGE\0DQLPD\*KRVKDSSDUHQWO\HOLPLQDWLRQRIWKHVHZDVWHVORRNVVLPSOHDQGVWUDLJKWIRUZDUG\HW
WKHLULGHQWLILFDWLRQLVRIWHQGLIILFXOWLQPRVWRUJDQL]DWLRQV
2.3 Setup time 
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6HWXSWLPHLVGHILQHGDVDWKHHODSVHGWLPHIURPZKHQWKHODVWSDUWRIWKHFXUUHQWUXQLVFRPSOHWHGXQWLOWKHZRUN
FHQWUHVWDUWVUXQQLQJWKHILUVWJRRGSLHFHRIWKHQH[WUXQ0D\QDUGV$FFRUGLQJWR%RSSDQD9&KRZGDU\
'DPLDQ*HRUJHODWHDUULYDORIUDZPDWHULDOVIUHTXHQWVXSSO\RIGHIHFWLYHPDWHULDOVORQJVHWXSWLPHVDQGSRRU
LQYHQWRU\PDQDJHPHQWKDYHEHFRPHPDMRULVVXHVRIWKHFRPSDQ\0DUNKDVHQXPHUDWHGWKHVHWXSUHGXFWLRQ
EHQHILWVLQDOHDQPDQXIDFWXULQJHQYLURQPHQW7KHQHHGIRUVKRUWVHWXSWLPHVLVQRWQHZLWKDVEHHQDURXQGIRUTXLWH
DZKLOH6HWXS WLPH UHGXFWLRQ LV DQ LPSRUWDQW WRRO LQ OHDQSURGXFWLRQ WR UHDOL]HTXLFN VHWXS FKDQJHDQGPHHW WKH
GHPDQGVRILQGLYLGXDOL]HGFXVWRPHUV/L[LD&KHQDQG%R0HQJ5HGXFLQJVHWXSWLPHZLOOERRVWDFRPSDQ\
FDSDFLW\LQFUHDVHPDQXIDFWXULQJIOH[LELOLW\DQGKHOSWRLQFUHDVHRYHUDOORXWSXW
2.4 Single Minute Exchange of Die (SMED) 
6LQJOH0LQXWH([FKDQJHRI'LHRUSMEDWHFKQLTXHLVDV\VWHPDWLFDSSURDFKWKDWHQDEOHVWRUHGXFHGUDPDWLFDOO\
WKH³VHWXSWLPH´RU³FKDQJHRYHUWLPH´$FFRUGLQJWR7URYLQJHUDQG%RKQWKHUHYROXWLRQDU\WHFKQLTXHRI
60('KDVEHHQ H[WHQVLYHO\ VWXGLHG DQG LPSOHPHQWHG LQYDULRXV LQGXVWULHV/RQJHU VHWXS WLPHZLOO LQIOXHQFH WKH
SURGXFWLYLW\RISURGXFWLRQOLQHDQGDVZHOODVUHGXFHFRPSDQ\FRPSHWLWLYHQHVV7KH60('V\VWHPLVDWKHRU\DQGVHW
RI WHFKQLTXH WKDWPDNH SRVVLEOH WR SHUIRUP HTXLSPHQW VHWXS DQG FKDQJHRYHU RSHUDWLRQV 60(' KHOSV WR UHGXFH
PDFKLQHVHWXSWLPHVE\HOLPLQDWLQJZDVWHVDQGXQQHFHVVDU\VHWXSSURFHVVHVDQGDOVRKHOSVWRLPSURYHFXUUHQWVHWXS
SURFHVVHVDQGPDQXIDFWXULQJIOH[LELOLW\'HURV%060('FDQKHOSFRPSDQ\WRUHVSRQGTXLFNO\WRFXVWRPHU
GHPDQGV7KHJRDOWRUHGXFHPDFKLQHGRZQWLPHGXULQJWKHVHWXSRSHUDWLRQVDQGUHGXFWLRQLQVHWXSWLPHVPDNHVLW
SRVVLEOHWRLQFUHDVHPDQXIDFWXULQJV\VWHPIOH[LELOLW\WRPDQXIDFWXUHDYDULHW\RISURGXFWV60('LVDFRQFHSWZKLFK
FRXOGEHDGDSWHGWRVROYHRWKHUORVVHVLQWKHSURGXFWLRQSURFHVV+RZHYHUWRGDWHDOPRVWQRDWWHPSWWRDSSO\WKH
60('WHFKQLTXHWRRWKHUDUHDVH[FHSWLWVFRUHIXQFWLRQRIUHGXFLQJRUHOLPLQDWLQJVHWXSDQGFKDQJHRYHUWLPHORVVKDV
EHHQUHSRUWHG6-%HQMDPLQ80XUXJDLDKDQG060DUDWKDPXWKX
5HVHDUFKPHWKRGRORJ\
$TXDOLWDWLYHUHVHDUFKGHVLJQZDVDGRSWHGIRUWKLVUHVHDUFK)RUPDODQGVWUXFWXUHGLQWHUYLHZHGVHVVLRQWRJHWKHU
ZLWKREVHUYDWLRQKDVEHHQGRQHWRFROOHFWGDWDUHODWHGWRWKLVVWXG\)RUPDODQGVWUXFWXUHGLQWHUYLHZVHVVLRQVZHUH
FRQGXFWHGZLWKDPDQDJHUIURPSURGXFWLRQGHSDUWPHQWVXSHUYLVRUDQGZRUNHUVIURPDVVHPEO\OLQH2EVHUYDWLRQZDV
GRQHIRUDPRQWKWRREVHUYHPRYHPHQWDQGDFWLRQGXULQJDVVHPEO\SURFHVV7KLVFDVHVWXG\ZDVFDUULHGRXWRQRQH
SXUSRVLYHO\VHOHFWHG0DOD\VLDQDXWRPRWLYHPDQXIDFWXULQJFRPSDQ\WKDWKDVLPSOHPHQWHGWHFKQLTXHLQUHGXFLQJKLJK
VHWXSWLPH
)LQGLQJV
4.1 The factors influencing high setup times.  
)URPWKHLQWHUYLHZHGDQGREVHUYDWLRQGRQHIHZIDFWRUVZKLFKFRQWULEXWHVWRKLJKVHWXSWLPHKDVEHHQLGHQWLILHG
7KUHHPDLQIDFWRUVFDQEHFDWHJRUL]HGDVPDQPHWKRGVDQGPDFKLQH

x 0HWKRG

$FFRUGLQJ WR OLQH/HDGHU WKHUH LV QR VWDQGDUG RSHUDWLQJ SURFHGXUH IRU FKDQJHRYHU DFWLYLWLHV 7KH FKDQJHRYHU
SURFHVVLVSHUIRUPHGE\WKHPDQSRZHUEDVHGRQWUDLQLQJWKDWKDVEHHQSURYLGHGDQGDOVRH[SHULHQFHGJDLQHGE\WKH
ZRUNHUVZLWKRXWGRFXPHQWHGVWDQGDUGRSHUDWLQJSURFHGXUH6237KHUHIRUHLIWKHQHZZRUNHUVMRLQHGWKHWHDP
VHWXSWLPHZLOOEHKLJKHUXQWLOWKHQHZZRUNHUDWWHQGWKHWUDLQLQJDQGJDLQHGH[SHULHQFHGWKURXJKRXWWKHZRUNLQJ
WLPH%HVLGHVWKDWIURPWKHREVHUYDWLRQGRQHVRPHWRROVZKLFKUHTXLUHGLQSHUIRUPLQJWKHFKDQJHRYHUSURFHVVLVQRW
UHDG\WREHXVHZKHQQHHGHG6RPHWRROVZHUHSODFHGIDUIURPDVVHPEO\OLQH7KHUHIRUHLIWKHZRUNHUQHHGVWRXVH
WKHUHTXLUHGWRROVZRUNHUVKDYHWRZDONWRJHWLW7KHPRYHPHQWVRIZRUNHUVIURPRQHSODFHWRDQRWKHUSODFHUHTXLUH
DGGLWLRQDOWLPHLQFOXGHGLQDVVHPEO\WLPHWKXVLQFUHDVLQJVHWXSWLPH0RYHPHQWRIZRUNHUWRJHWWKHUHTXLUHGWRROVLV
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XQQHFHVVDU\DQGFRQVLGHUHGDVQRQYDOXHDGGHGDFWLYLWLHV

x 0DQ

)URPWKHLQWHUYLHZVHVVLRQZLWKWKHPDQDJHUODFNRIQXPEHURIZRUNHUVDOVRFRQWULEXWHVWRKLJKVHWXSWLPH7KLV
KDSSHQGXHWRWKHVDPHZRUNHUQRWRQO\IRFXVLQDVVHPEO\OLQHEXWDWWKHVDPHWLPHKDGWRSUHSDUHPDWHULDOEHIRUH
WUDQVIHU LW WRPDLQ DVVHPEO\ OLQH 7KH SUHSDUDWLRQ RI ZRUN LV FDUULHG RXW DIWHU WKHPDFKLQH VWRS RSHUDWLRQ 7KH
SUHSDUDWLRQRIZRUNVXFKDVFRLOSUHSDUDWLRQZDVGRQHE\RSHUDWRUDIWHUWKHSUHYLRXVSURGXFWLRQLVFRPSOHWHG7KLV
FRQWULEXWHVWRWKHORQJVHWXSWLPHIRUWKHFKDQJHRYHUSURFHVV

x 0DFKLQH

%DVHG RQ WKH REVHUYDWLRQ WHFKQLFLDQ WDNHV WLPH WRR ORQJ WR DGMXVW DQG LQVWDOO FRPSRQHQWV DWPDFKLQH GXULQJ
FKDQJHRYHUSURFHVV7KLV LVVXHKDSSHQVGXH WRYDULDQFHVL]HRIFRPSRQHQWV WR LQVWDOO LQPDFKLQH0RUH WKDQ WKLV
DFWLYLW\GRQHPDQXDOO\DQGUHTXLUHVZRUNHUVWRIRFXVDQGFRQFHQWUDWHGXULQJWKHSURFHVV'XHWRWKLVUHDVRQVHWXS
WLPHZLOOEHKLJKHUVLQFHZRUNHUQHHGWRDGMXVWDQGIL[WKHFRPSRQHQWVWRWKHPDFKLQHPDQXDOO\
4.2 The activities that can be minimize to reduce high setup time.  
$IWHULGHQWLI\LQJPDMRUIDFWRUVZKLFKFRQWULEXWHWRKLJKHUVHWXSWLPHVDIHZDFWLYLWLHVFDQEHFRQVLGHUHGWRUHGXFH
WKH VHWXS WLPH LQFKDQJHRYHUSURFHVV60('KHOSV WR UHGXFH WKHVHWXS WLPHE\HOLPLQDWLQJZDVWHVDQGXQZDQWHG
SURFHVVHVDQGDOVRKHOSVWRLPSURYHFXUUHQWVHWXSSURFHVVDQGPDQXIDFWXULQJIOH[LELOLW\
7KHVHWXSSURFHVVLVFRQVLVWVRILQWHUQDODQGH[WHUQDOHOHPHQWV60('WHFKQLTXHVEDVLFDOO\LVWRUHGXFHDVPXFK
DVSRVVLEOHLQWHUQDOHOHPHQWV7KHUHIRUHHOHPHQWVRILQWHUQDOVHWXSDVPXFKDVSRVVLEOHDUHFRQYHUWHGLQWRH[WHUQDO
0HDQZKLOHWKHLQWHUQDOHOHPHQWVZKLFKFDQQRWEHFRQYHUWHGLQWRDQH[WHUQDOZLOOEHDUUDQJHGWRVKRUWHQWKHWLPHWR
PRGLI\WKHVHHOHPHQWVDVZHOODVE\XVLQJWRROV
4.2.1 Analyze the Current Changeover Time and Actual Procedure 
7KHPDLQVWHSVWKDWQHHGWREHGRQHWRLPSOHPHQWWKH60('DUHWRPDNHDQDQDO\VLVRIWKHDFWXDOSURFHVVLQYROYHG
LQWKHFKDQJHRYHUSURFHVV7KHFXUUHQWFKDQJHRYHUSURFHVVUHFRUGPLQXWHVWRFRPSOHWHZLWKXVLQJWKUHHPDQSRZHU
RSHUDWRUWHFKQLFLDQDQGPDWHULDOKDQGOHU$OOWKHSURFHVVLVSHUIRUPHGDVLQWHUQDOZRUNEHFDXVHLWLVFRQGXFWHGDIWHU
WKHPDFKLQHVKXWGRZQ

4.2.2 Identify and Convert Internal Operations into External Operations 
$IWHULGHQWLILHGWKHDFWXDOSURFHGXUHRIWKHSURFHVVWKHVHWXSRSHUDWLRQVZHUHDQDO\]HGLQRUGHUQRWRQO\WRVHSDUDWH
LQWHUQDOIURPH[WHUQDORSHUDWLRQVEXWDOVRWRLGHQWLI\H[WHUQDORSHUDWLRQVWKDWZHUHWDNLQJSODFHWRJHWKHUZLWKLQWHUQDO
RSHUDWLRQV,QWKLVSURFHVVDOODFWLYLW\LQYROYHGLQFKDQJHRYHUSURFHVVQHHGWREHFKHFNHGDQGLIWKHUHDUHPRUHLQWHUQDO
VHWXSWKDWFDQEHUHOHDVHGLQWRH[WHUQDOVHWXS
4.2.3 Create Standard Procedure for Changeover activities  
%DVHGRQ LQWHUYLHZHGDQGREVHUYDWLRQ WKHZRUNHUVGRQH WKHLU MREEDVHGRQ WUDLQLQJSURYLGHGDQGH[SHULHQFHG
JDLQHGRQO\7KHUHLVQRVWDQGDUGSURFHGXUHIRUFKDQJHRYHUDFWLYLW\7KHUHIRUHGHYHORSLQJDVWDQGDUGSURFHGXUHIRU
FKDQJHRYHUDFWLYLW\LVQHFHVVDU\WRHQVXUHWKDWHYHU\RQHFRQGXFWVWKHFKDQJHRYHUSURFHVVIXOO\XQGHUVWDQGVKRZWKH
SURFHVVZRUNV6WDQGDUG2SHUDWLQJ3URFHGXUHV623LVDSURFHVVGRFXPHQWWKDWGHVFULEHVLQGHWDLOWKHZD\WKDWDQ
RSHUDWRUVKRXOGSHUIRUPDJLYHQRSHUDWLRQ$623VKRXOGEHDYDLODEOHDWWKHSODFHZKHUHWKHZRUNLVGRQH7RGHYHORS
DJRRG623WKHWHDPPHPEHUVQHHGWRUHYLHZHDFKLWHPWKDWLQYROYHGLQFKDQJHRYHUSURFHVV7KHGHYHORSHG623LV
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GLYLGHGLQWRWZRSDUWVZKLFKLV

x ([WHUQDOZRUNIORZ
([WHUQDOVHWXSZRUNIORZLVWKHRSHUDWLRQWKDWFDQEHFDUULHGRXWZKLOHWKHPDFKLQHLVUXQQLQJ

x ,QWHUQDOZRUNIORZ
,QWHUQDOVHWXSZRUNIORZLVWKHRSHUDWLRQWKDWFDQRQO\EHFDUULHGRXWZKHQWKHPDFKLQHKDVVWRSSHG

7KH DFWLYLWLHV LQYROYHG LQ WKH FKDQJHRYHU SURFHVV VKRXOG EH VWXGLHG FDUHIXOO\ EHIRUH GHYHORS WKH 6WDQGDUG
2SHUDWLQJ3URFHGXUH)RUH[DPSOHWKHH[WHUQDODFWLYLWLHVLQSUHSDULQJFRLOGLHDQGIRUNOLIWPRYHPHQWFRQGXFWHGE\
PDWHULDOKDQGOHU:KHQWKHVHDFWLYLWLHVFRQVLGHUHGDVH[WHUQDODFWLYLWLHVDVVHPEO\OLQHZRUNHUVFDQIRFXVRQWKHWDVN
DQGDFWLYLWLHVLQWKHPDLQDVVHPEO\OLQH7KHUHIRUHKLJKHUVHWXSWLPHFDQEHUHGXFHGDQGSURGXFWLYLW\FDQEHLQFUHDVHG
7KHPDWHULDOKDQGOHUDOVRFDQEHWUHDWHGDVDVVLVWDQWLQPDLQDVVHPEO\OLQHVXFKDVWRSUHSDUHWKHULJKWWRROWKXV
ZRUNHUVLQPDLQDVVHPEO\OLQHGRHVQRWWRPRYHWRJHWWKHWRROV7KHOHVVPRYHPHQWZLOOUHGXFHWLPHWDNHQLQVHWXS
WLPH
%DVHGRQWKHSUHYLRXVGDWDWKHFXUUHQWFKDQJHRYHUSURFHVVVHWXSWLPHLVDERXWPLQXWHV$IWHU60('WHFKQLTXH
LVFRQGXFWHG WKHGDWDREWDLQHG IRU WKHFKDQJHRYHUSURFHVV VHWXS WLPHZHUHDEOH WR UHGXFH WR PLQXWHVDIWHU
PLQXWHVLPSURYHPHQWVKDVEHHQPDGH
&RQFOXVLRQ
,QFRQFOXVLRQUHGXFLQJKLJKVHWXSWLPHLQDVVHPEO\OLQHFDQEHPDWHULDOL]HGE\WKHFRPSDQ\DIWHULGHQWLI\LQJWKUHH
PDMRUIDFWRUVZKLFKOHDGWRKLJKVHWXSWLPHLQFKDQJHRYHUSURFHVVDFWLYLWLHV)DFWRUVXFKDVPHWKRGPDQDQGPDFKLQH
KDVEHHQLGHQWLILHGDVIDFWRUOHDGWRKLJKVHWXSWLPH:RUNHUVGHSHQGRQWUDLQLQJSURYLGHGDQGH[SHULHQFHGJDLQHG
ZLWKRXWSURSHUGRFXPHQWHG623ODFNRIPDQSRZHUZKLFKUHTXLUHZRUNHUVWRGRDOOWKHDFWLYLWLHVFRQWULEXWHVWRKLJK
VHWXSWLPHV,QDGGLWLRQWRPDQXDOSURFHVVGRQHE\WHFKQLFLDQWRDGMXVWDQGLQVWDOOFRPSRQHQWVLQPDFKLQHZKLFKLV
DOVRWKHIDFWRUZKLFKFDQOHDGWRKLJKHUVHWXSWLPH:KHQDFRPSDQ\XQGHUVWDQGDQGUHDOL]HWKHLPSDFWRIKLJKHUVHWXS
WLPHVFDQOHDGWRKLJKPDQXIDFWXULQJFRVWDQGORZSURGXFWLYLW\FRPSDQ\KDVWDNHVVHYHUDODFWLRQVWRUHGXFHVHWXS
WLPHE\DQDO\VHFXUUHQWFKDQJHRYHUSURFHGXUH$IWHUDQDO\VHFXUUHQWFKDQJHRYHUSURFHGXUHDQGLGHQWLI\ZKLFKLQWHUQDO
RSHUDWLRQVFDQEHGRQHDVH[WHUQDORSHUDWLRQVSURSHUGRFXPHQWHG623ZLOOEHSURGXFHGIRUHDV\UHIHUHQFHIRUQHZ
ZRUNHUVZKRMRLQHGWKHDVVHPEO\OLQH0RUHWKDQWKDWZLWKFRQYHUWLQJLQWHUQDORSHUDWLRQVWRH[WHUQDORSHUDWLRQVLW
KHOSVZRUNHUVLQDVVHPEO\OLQHWRIRFXVDQGFRQFHQWUDWHPRUHLQDFWLYLWLHVLQDVVHPEO\OLQHZLWKRXWOHVVPRYHPHQW
)URPDOODFWLYLWLHVGRQHFRPSDQ\DEOHWRUHGXFHKLJKVHWXSWLPHLQFKDQJHRYHUSURFHVVIURPPLQXWHVWRPLQXWHV
DIWHUILYHPRQWKVLPSURYHPHQWKDVEHHQPDGH7KHUHVKRXOGVXJJHVWLIWKHQH[WVWXG\EHDEOHWRVHHFRVWUHGXFWLRQ
ZLWKXVLQJ60('WHFKQLTXHV

$FNQRZOHGJHPHQWV
7KLV VWXG\ FDQQRW EH PDWHULDOL]HG ZLWKRXW WKH VXSSRUW DQG KHOS IURP WKH HPSOR\HHV LQ WKH RUJDQL]DWLRQ
$FNQRZOHGJPHQWDQGWKDQNVWRWKHUHVHDUFKWHDPPHPEHUVIRUWKHLUNLQGFRRSHUDWLRQWRUHDOL]HWKLVVWXG\

5HIHUHQFHV
$QQD'RURWD5\PDV]HZVND7KHFKDOOHQJHVRIOHDQPDQXIDFWXULQJLPSOHPHQWDWLRQLQ60(V%HQFKPDUNLQJ$Q,QWHUQDWLRQDO-RXUQDO9RO
,VVSS±
%RSSDQD9&KRZGDU\'DPLDQ*HRUJH,PSURYHPHQWRIPDQXIDFWXULQJRSHUDWLRQVDWDSKDUPDFHXWLFDOFRPSDQ\-RXUQDORI0DQXIDFWXULQJ
7HFKQRORJ\0DQDJHPHQW9RO,VVSS±
'HURV%00RKDPDG' ,GULV0+05DKPDQ01$*KDQL-$ ,VPDLO$5 6HWXS7LPH5HGXFWLRQ LQDQ$XWRPRWLYH%DWWHU\
$VVHPEO\/LQH,QWHUQDWLRQDO-RXUQDO2I6\VWHPV$SSOLFDWLRQ(QJLQHHULQJ	'HYHORSPHQW,VVXH9ROXPH
/L[LD&KHQ%R0HQJ7KH$SSOLFDWLRQRI6HWXS5HGXFWLRQLQ/HDQ3URGXFWLRQ3XEOLVKHGE\&DQDGLDQ&HQWHURI6FLHQFHDQG(GXFDWLRQ
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9RO1R-XO\
0DQLPD\*KRVK/HDQPDQXIDFWXULQJSHUIRUPDQFHLQ,QGLDQPDQXIDFWXULQJSODQWV-RXUQDORI0DQXIDFWXULQJ7HFKQRORJ\0DQDJHPHQW
9RO,VVSS±
0DUN$6HWXSUHGXFWLRQ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$&ULWLFDO(YDOXDWLRQRI6KLQJR¶V60('0HWKRGRORJ\,QWHUQDWLRQDO-RXUQDO
RI3URGXFWLRQ5HVHDUFK9RO,VVSS
0HOWRQ77KHEHQHILWVRIOHDQPDQXIDFWXULQJ:KDWOHDQWKLQNLQJKDVWRRIIHUWKHSURFHVVLQGXVWULHV"&KHPLFDO(QJLQHHULQJ5HVHDUFKDQG
'HVLJQ
3HWHU%DOO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5RQ 3HUHLUD  6.,// %8,/'(5 7KH 6HYHQ :DVWHV ,VVXH 9ROXPH  1XPEHU   5HWULHYHG RQ QG -DQXDU\  IURP
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BZDVWHVBLVL[VLJPDBPDJD]LQHBSGI
6DPXHO-HEDUDM%HQMDPLQ8WKL\DNXPDU0XUXJDLDK06ULNDPDODGHYL0DUDWKDPXWKX 7KHXVHRI60('WRHOLPLQDWHVPDOOVWRSVLQD
PDQXIDFWXULQJILUP-RXUQDORI0DQXIDFWXULQJ7HFKQRORJ\0DQDJHPHQW9RO,VVSS
6KDK5DQG:DUG37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/HDQPDQXIDFWXULQJ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